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FOREWORD

Thia study was carried out in the Radjobioiogy Division under task No. 775703
and partially under subtask 5710-RMD 3068, DASA (STMD). The work was per-
formed between February and May *92°. The statistical data were analyzed by the
Biometrics Division. The paper was submitted for publication on 20 February 1969
to fuifill the research requirement of phase II of the Residency in Aerospace Medicine.

The assistance of Horace E. Hamilton in preparing the report is gratefully
acknowledged.

The animals involved in this study were maintained in accordance with the “Guide
for Laboratory Animal Facilities and Care' as published by the National Academy
of Sciences-National Research Council.
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ABSTRACT

One phass of ths search for radiopretective agents s the study of the physiologic
and pharmacologic mechaniams responsible for toxic and protective effects. In this
study, the drug 32-(l-decylamino)sthanethiceulfuric wmcid (WR-1607) was injected,
according to different dowige schedules, into control and irradiated Moocaca mulatta
monkeys. Changes in hemograms and blood chemistries wers msasured, and clinical
obssrvations were recorded. The response in control animals appeared to be that
to a temporary chemical challenge with prompt recovery within one week. In the
irradiated animals, the response corresponded to a subacute radiation syndroms. In
this experiment, WR-1807 fafled to mobilizse physiologic mechanisms for protection
again radiation Injury. Further investigation of this drug as a radioprotectant
should consider a different approach in method of administration.
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PHARMACODYNAMICS OF A RADIOPROTECTIVE DRUG:
2{1-DECYLAMINOETHANETHIOSULFURIC ACID

I. INTRODUCTION

The increasing use of atomic energy with
its potential hazard of exposure of man to high
doaages of ionizing radiation has generated the
search for chemical preparations possessing
protective characteristics againat radiation in-
Jury. Testing the ability of such chemical
agents to reduce lethality in irradiated experi-
mental animals is one phase of the endeavor
to obtain practical methods for modification of
radiation injury. Another phase of the acien-
tific effort is the study of physiologic and
pharmacologic mechanisma responsible for the
toxic and protective effects of the radiopro-

tective agentas.

The compound 2-(1-decylamino)ethanethio-
sulfuric acid (WR-1807), developed by the
Walter Reed Army Institute of Research, has
been tested in mice with promising results—
50% to 90% protection in doses of 6 mg./

have not been so encouraging. Toxicity atudies
in rhesus monkeys have been few (2). The
potential uge of this drog e« a radioprotective
agent requires prior consideration of its phar-
macodynamics. In the present study an at-
tempt was made to evaluate the physiologic
effects of WR-1607 in primates, in conjunction
with a recent investigation of the radioprotec-
tive effectiveness of the compound (3). The
parameters selected for evaluation were:
(1) clinical picture, (2) hemograms, and (8)
blood chemistries.

11. MATERIALS AND METHODS

Adult Macaca mulatta, sanging in weight
from 6.5 to 9 1b, were used i this investige-
tion; all but 2 were males. The yrimates were
screened for evidence of existing Jisease and
acclimatized for 2 weeks. They wer e caged
individually in air-conditioned quarters and
maintained as described by Young et al. (4).
The 28 primates were randomly distribuled

kg. (1). Resulta in initial studies with dogs
TABLE 1
Ezperimental groups
Number of Drug dossge Pre-irradiation Radiution
Group animals (mg./kg.) interval (hr.)* dose
A, ‘ 10 1 Sham
A, ¢ 20 1 Sham
B, 3 10 1 850 R
B, 3 10 3 850 R
c, 5 20 1 850 R
C, 8 20 3 850 R

*Tima lnterval between drug adminlatration and irrudiation period.
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into six groups as presented in table 1. In
addition, each irradiated group included 1 ra-
diation control (irradiated but not administered
drug) to confirm lethality of the radiation dose.
No clinical, chemical, or hematologic atudies
were performed on the radiation controla.

The compound WR-1607, obtained from the
Walter Reed Army Institute of Research, was
dissolved in warm Carbowax just before injec-
tion. The concentrations were adjuated so that
each animal received approximately 8 ml. of
solution. The dissolved drug was administered
intraperitoneally by use of standard procedures.

Whole-body irradiations were performed
with a Maxitron-300 machine at a dose rate of
18 = 2 R/min., for a total dose of 850 R.

Hematologic data were obtained by the
methodclogies deacribed by Wintrobe (5).

The clinical evaluation presented in this
paper is limited to body weights and rectal
temperatures (tables II and III); a more ex-
tensive clinical evaluation of the compound
WR-1607 in Macaca mulatta is available (8).

Data on the following 14 variables were col-
lected pretreatment and on days 1, 8, and 7
postinjection:

Leukocytes
Hematocrit
Platelets
Lymphocytes
Neutrophils
SGOT

SGPT

Alkaline phosphatase
Bilirubin (direct)
Bilirubin (total)
Total protein
Albumin

Sodium
Potassium

For each variable the mean values for each
time and for each group are shown in tables IV
through XVI.

One-way analyses of variance were comput-
ed from the baseline data for each variable in
order to check for differences between the
groups before treatment. Since the animals

TABLE 1I

Mean weight (%) by days postinjection for irradiated and
sham-irradiated primates

Baseline Weight as percent of baseline
Group (1) | pay 3» | Day 7 | Day 10 | Day 14 | Day 17 | Day 21 | Day 24 | Day 28 | Day 30
A, 7.6 0at 91 95 93 93 95 92 91 98
A, 72 ) 88 89 84 98 ) 86 86 83
B, 69 100 101 96 93 81 82 83 82 M
B, 1.0 101 97 101 80 - - - — —_
c, 6.1 102 89 98 85 - - - - —
C, 69 97 101 94 99 100 80 88 89 87

In group B,. survival retio at day § was &/8; at day 7, 2/B; at day 21, 1/6: and at day 30. 1/6.

In group B, survival ratic st day 17 was 0/%.
In group C,, survival rutic at day 11 was 0/8.

In group C, survival ratio at day 7 was 3/5; at day 19, £/6; at deys 14, 17, and 21, 1/8; and at day 30, 1/8.

*Days after drug sdminisiration.
1Percent = ETOUP MRS weight/Mesa bastling weight

2

e i p e e e -

bl

arithle




AL

TABLE III E

Mean rectal temperalurc (in degrees Farenheit) of irradiated and 2
sham-irradiated primales

i

Group Baseline | Day 8* | Day 7 | Day 10 [Day 14 | Day 17 | Day 21 | Day 24 | Day 28 | Day 80
A 102.9 101.6 102.0 102.1 102.3 1022 102.3 99.8 100.8 108.8 =
Ay 102.8 101.5 108.8 102.2 102.2 102.3 1022 99.8 101.6 101.8 :
B, 102.4 102.6 102.2 102.5 101.4 102.8 102.0 104.4 101.0 101.8 B
B, 026 | 1081 | 1018 | 1028 | w1 | — - - - - 3
c, 1080 | 1088 | 1008 | 1023 | 1021 — - - - - z
Cy 1025 1027 102.7 102.0 101.8 102.6 100.0 101.4 1022 108.2

Bee table 11 for surival data.
*Days after drug adminiatration. _

TABLE IV TABLE VI
Change in leukocytes with WR-1607 ond Change in platelets with WR-1607
radiation and radiation
Group | Baseline Day 1° Day 8 Day 7 Group | Baseline | Day 1° Day 8 Day 7 B
A, 7800 17,500 9,700 10,800 A 880,000 871,000 128,000 434,000
Ay 8,200 {1,800 12,600 11,900 A, 401,000 427,000 91,000 390,000
B, 8,700 10,800 1,700 8004 B, 463,000 269,000 201,000 88,000¢
B, 10,000 11,800 5,300 400 B, 846,000 218,000 136,000 53,000 )
C, 8,800 11,800 900 800t C, 360,000 92,000 71,000 24,0004
C, 9,100 18,700 1,400t 6003 C, i 124,000 123,000 100,000 43,0008
*Time postinjection. *Time postinjection.
t8urvival retio ¢.8. t8urvival ratio 4/8.
$Survival rtio 878, $8urvival ratio 3,8,
TABLE V TABLE VII
Change in hematocrit with WR-1607 and Change in lymphocytes (%) with WR-1607
radiction and radiation
Group | Baseline Day 1°* Day 8 Day 7 Group | Baseline Day 1¢ Day 8 Day 7
Ay 42 44 88 36 A, 16 19 L. 63
A, 40 40 34 33 A, (] 11 50 46
B, 40 317 85 131 B, 13 10 38 ot
B, @ 39 87 36 B, n 10 81 0
C, 42 45 87 36t <, 65 5 8 ot
Cy 43 “ 40¢ 40t Cy 69 4 12¢ o3
*Time pastinjection. *Time powtinjection.
tBurvival ratio ¢/8. t8urvival ratlo /8.
$8urvi ul ratio 3/8. $8urvival retio §/8.
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were randomly assigned to the treatment
groups, no differences would be expected be-
tween the group means. As indicated in
table XVII, only the leukocyte data gave a
statistically aignificant (P < .05) difference
between group means. It seems reasonable to
assume that this difference was due to random
variation only and did not reflect any bias in
the way in which the animals were handled.

An analysis of variance of repeated meas-
urementa was computed for the poatinjection

data for each pair of groups (A, and A,; B,
and B;; C, and C,). This provided a test
(G x T) of whether the response curves for
the two grours in each pair were the same.
It also provided tests of whether the group
means (averaged over time) werc the same,
and whether the means (averaged over groups)
for the three postinjection times (1, 8, and
7 days) were the same. These latter tests
are generally meaningfu! only if the G x T test
is not significant (P > .05). The probability
levels for these teata are given in table XVII.

TABLE VIII
Change tn neutrophsle (S:) with WR-1607
and radiation
Group | Baseline | Day 1° Day 8 Day 7
A, 28 81 36 35
A, . 89 @ 50
B, 25 80 6 ot
B, 20 89 87 0
C, 34 95 17 ot
Cy 80 96 884 0t

TABLE X
Change in SGPT with WR-1607
and radiation

Croup | Baseline | Day 1°* Day 8 Day 1
A, 84 66 84 80
A, 31 55 32 19
} 85 40 29 24t
B, 84 48 33 84
C, a2 62 31 22¢
Cy 41 42 26t 19%

*Time pestinjoction.
t8urviva) ratio 4/8.
thervival ratic 3/8.

*TMr.e postinjection.
8urvival ratio ¢/8.

t8urvival retic 3/6.

TABLE IX
Change in SGOT with WR-1807
and radiation
Group | Baseline | Day 1° Day 8 Day ?
A, 3¢ 110 3 53
Ag 33 118 89 8
B, 37 85 “ 30t
B, | % 86 «@ 87
c, 88 112 ] 28¢
Gy 40 96 841 208

TABLE XI
Change in alkaline phosphatase with WR-1807
and radiation
Group | Baseline | Day 1°¢ Day 8 Day 7

A, 18.0 12.8 0.4 10.8

A, 10.5 8.8 8.6 9.3

B, 13.4 10.3 8.1 8.9t

B, 105 9.2 12.8 78

c, 18.1 17.0 7.7 8.3t

Cg 12.1 13,0 7.0 .88

*Tume postinjection.
t8urvive! ratio 4/6.
8urvival reuo 8/6.

*Time postinjection.
t8urvival ratic 4/8.
t8urvival ratio 8/5.
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A combined analysis was done on the data
of groups B,, By, C,, and C,. This analysis
provided teats for the following: 10-mg. dosage
as compared to 20-mg.; l-hour preirradiation
intcrval versus 8-hour interval; l-day versus
S-day versus 7-day postinjection measure-
ments; and interactions among these variables.
The testa which were significant (P < .06) are
indicated in table XVIII. The standard devia-
tions for comparing means within and between
treatment groups for each variable are given

IIL. RESULTS

Hemogram

Values for leukocytes, hematocrit, platelets,
and relative lymphocytes and neutrophils are
presented in tubles IV through VIII. The
values are the means for the survivers at the
time of teating.

Leukocytes showed an initial increase in all

in table XIX. Each variable is discussed animals. The initial leukocytosis was more
separately below.
TABLE XII TABLE XIV
Change in bilirubin (direct/total) with Change in albumin with WR-1607
WR-1607 and radiation and radiation
Group | Baseline | Day 1° Day 38 Day 7 Group | Baseline | Day 1° Day 3 Day 7
A, | 01070183} 0.18/0.30 | 0.20/0.40 | 0.15/0.38 A 4.0 4.0 83 3.6
A, | 0107013 | 0.10/0.16 | 0.18/0.52 | 0.26/0.40 Ay 4.0 38 83 84
B, | 0.12/0.16 0.16/0.80 | 0.16/0.20 | 0.13/0.33% B, 4.0 36 8.5 3.5¢
B, | 0.14/0.20 | 0.14/0.28 | 0.16/0.2¢ , 0.12/0.22 By 4.0 36 83 3.8
C, | 0.12/0.16 | 0.10/0.18 | 0.10/0.20 | 0.13/0.20¢ C, ¢l 2 38 3.7¢
C, | 0.12/0.14 | 0.10/72 & 0.10/0.38¢; 0.20/0.30% Cy 4.1 43 3.0t 3.61
*Time postinjection. *Time postinjection.
f8urvival retin ¢/8. Y8urvival ratio 4/¢.
38urvival ratio 3/8. #8urvival retio 3/4.
TABLE XIII TABLE XV
Change in total protein with WR-1607 Change in sodium with WPR.1607
and radiation and radiation
Group | Baseline | Day 1°* Day 8 Day 7 Group | Baseline | Day 1° Day 8 Day 7
A, 7.0 7.8 68 7.0 A, 154 168 185 166
A, 69 71 Y] 7.0 A, 168 160 180 154
B, 69 6t LY €6t B, 149 161 152 148¢
B, 71 6.1 6 71 B, Ly 162 168 146
c, 7.0 69 X3 7.1¢ C, 158 164 148 149t
C, 7.0 6.8 7.0 728 C, 160 149 1664 144

*Time postinjection.
18urvival ratlo 4/8.
$8urvival ratio 3/8.

*Time postinjection.
t8vurvival ratio 4/6.
$8urvivel ratio 3/6.
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significant for the drug-control groups. By the
8d day posttreatment the drug-control group
‘wg3s returning tc the baseline while the irradiat-
ed animals were developing severe leukopenia
as in untreated, irradisted monkeys.

A significant decrease in hematocrit can be
seen from day 1 to dave 8 and'7. Some dif-
ferences appeared in the response between
groups C, and C;, and the B groupe responded
differently from the C groups.

TABLE XVI Platelets exhibited a decrease by day 1 in
, . . the B and C groups, and by day 8 in the A
Change in ?ﬂ?m&;th WR-1307 groups, The combined analysis of *he B and

C groupe shows that the decreas Jeveloped

. more quickly in the C groups than in the B
Group | Baseline | Doy } Day ¥ Day 7 groups. By the Tth day the drug-control
A, 48 42 45 <8 groups had returned to the bassline while the
A 8 o1 o1 .6 irradiated groups continued into severe throm-
: bocytopenia.
B, 53 42 4k 42t
B, 5.0 42 4“5 48 Lymphocyre percentages dropped in all
G, 46 44 40 4.8¢ groups in the first 24 hours; those of groups A
c, 5.4 8.0 5.2t L 513 and B then recovered, but those of the heavily

*Time postinjestion.
t8urvival retio 4/8.
tSurvivel ratio 8/8.

treated group C decreased to levels too low to
count. The drug-control group recovered by
the 7th day while the lightly treated group B
continued into severe lymphopenia.

i I

TABLE XVII
Probability levels in the anclyses of variance
A; v A, B, vs. B, C,vs.Cy
Variable Basellna

G T GxT G T GxT G T GxT
Leukocyte < .08 < .01 | <.001 NS NS < .001 N8 N8 [<«<.o01 NS
Hematocrit NS <1 < .001 N8 NS < .01 NS NS < 001 | < .06
Platelets NS NS [<.001]| NS | <.026 |[<.0PL | NS NS |«<.01 | NS
Lymphocytes N8 < .1 <001 | N8 NS |<.001 | NS NS NS NS
Neutrophils NS <.l < .001 NS NS < 001 NS§ NS < 001 NS
SGOT N8 NS | < .001 NS NS <001 | NS NS < .001 NS
SGPT NS NS |<.001| NS NS J<.126 | NS NS |<.001| NS
Alkaline phosphatase NS NS NS NS NS < .026 |< .006 NS < 006 NS
Bilirubin (direct) N§ NS NS NS NS NS NS | <1 [<.000]|<.025
Bilirubin (total) NS NS NS NS NS NS NS NS NS NS
Total protein N3 NS i<.001 |<.06 | <.06 |<.026 | NS NS |« NS
Albumin N8 NS |« .00 NS N8 <.1 NS NS < .026 NS
Sodium N8 <02 < .02 (<A NS |<.001 | NS NS |<a |[<a
Fotarsium NS NS i<o1| Ns | Ns |[Ns |Ns | Ns |<a g
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Neutrophils increased in all groupe within
the 1st day. By the 8d day, those of group C
had dropped to extremely low levels, Group B
neutro >hils returned to bsacline levels by the
Tth dev, and those of group A approached the
baseline level.

Manifestations in the hemograma of the
irradiated-and-treated animals were compara-
ble to the results from irradiation alone (8).

Blood chemistries

An immediate increase in SGOT and SGPT
occurred in all groups, followed by a significant
return to baseline by the 8d day poatireatment
and postirradiation (tables IX and X). One
exception appeared on day 7 when the level
of SGPT for C groups fell significantly below
baseline levels.

TABLE XVIII

Significant sources of variation from analyses
of B and C groups combined

Variables Significant sources of variation
Leukocytes T
Hematocrit AT AxBxT
Platelets AAxBTAxT
Lymphocytes AT, AxT
Neutrophils T
8GOT T
SGPT T
Alkaline phosphatase T,AxT,BxT
Bilirubin (direct) AxT
Bilirubin (total) —_—
Total protein B,T
Albumin AT
Sodium T
Potassium —

T = Time means.
A = Ten vu. 20 mg. drug.
B = One br. vs. 1 br. preirradiation.

The alkaline phosphatase values showed no
significant variations through the 7-day period
for the A groups, but the levels were signifi-
cantly below baseline at days 8 and 7 for the
C groups, and at day 7 for the B group
{table XI).

The total bilirubin showed an increase in all
groups laating through the 7-dsy period while
the direct portion showed a lasting rise in only
the treated, nonirradiated group (table XII);
however, the evidence for any real change in
either direct bilirubin or total bilirubin waa
very weak. Rorugh nonparametric evaluations
showed no significant effects.

There appeared to be little consiatency in
the total protein response between the groups;
thus it is difficult to find an interpretable pat-
tern. An initial decrease was seen in albumin

TABLE XIX

S8.D. of means* within and between treatment
groupe for each variable

Variables Within Between
Leukocytes 8,460 8,540
Hematocerit 192 8.04
Platelets 87,400 101,800
Lymphocytes 10.8 10,2
Neutrophils 19.0 19.0
SGOT 21.9 224
SGPT 11.7 16.7
Alkaline phosphatase 2.26 2.61
Bilirubin (direct) .0897 1098
Bilirubin (total) .805 386
Protein .58 875
Albumin 241 818
Sodium 333 s.68
Potassium 578 822

l-

*8.E. of the difference betwesn two mesns = B8.D.

x
x

1

where N, and N, sre the number of cbssrvations i esch mean.

Comparisons within & group should be made only where N, = N
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levels for the B groups, and an {nitisl increase
in albumin fur the C groups, followed by a
general decrease for all groups by day 8.
The day-7 levels for all groups were lower than
the corresponding baseline values but, for all
groups other than B, and C;, were higher than
the corresponding day-3 values.

A general decrease in sodium leveis and a
corresponding increase in potassium levels oc-
curred from day 1 to day 7 for all groups.
Though some of the tests were significant, the
reasons for the significance are not clear.

Clinical parameters

Weight remained essentially the same in the
lightly treated drug-control group (A,}. The
heavily treated control group (A,) had a slight
but signiticant weight loas in the 80-day period
studied. Animals in irradiated, treated groups
(B and C) experienced significant weight loases
prior to their deatha (table II). The tempera-
tures were quite variable within the groups,
and no significant inference may be obtaired
(table III).

1v. DISCUSSION

The hematologic response of the drug-con-
trol group appears to be that of the ordinary
brief reaction to a drug challenge with most
parameters returning to the baseline values by
the end of the 7-day period investigated. The

treated, irradiated animais responded imme-
diately to the challenge with a somewhat
similar reaction, then gradually reacted in the
typical manner of animals austaining radiation
injury. The eventual lack of survivors among
the protected animals confirmed the absence of
mobilization of physiologic mechanisma for de-
fense against the radiation insult (8).

The blood chemistry reaponse in both drug
controls and treated, irradiated animals was
similar, with the exception of the direct portion
of the bilirubin which increased more lastingly
in the drug controla. Elucidation of the rea-
sons for this difference requires further in-
vestigation. This finding agreea with previous
studies (2) which found degenerative changes
in iiver and kidneys of primates dying of toxic
effects of WR-1607.

Of the clinical parameters, the change in
weight appeared to be the only contributory
factor, conforming to the general response to
a chemical challenge and typical aubacute
radiation syndrome.

One may conclude that WR-1607, a8 utilized
in this experiment, failed to effectively mobilize
physiologic mechanisms for protection against
the radiation injury. All treated, irradiated
animals responded in the typical manner to the
ionizing radiation as determined by the param-
eters evaluated. Further investigation of this
drug as a potential radioprotective agent must
consider a different approach to its admiristra-
tion.
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